The effect of antiarrhythmic drugs on the oxidation of glucose by heart tissue was studied. Quinine and quinidine inhibited oxygen consumption and glucose utilization by rat heart slices and hoinogenates, while chloroquine and procaine amide had little effect.
T H E action of antiarrhythmic drugs on heart muscle has been studied extensively by electrophysiologic and biochemical technics. There is general agreement that a common property of the antiarrhythmic drugs now in clinical use is the ability to decrease the excitability of the myocardium. There are many possible ways in which such an action could be brought about. One suggestion is that such drugs prolong the recovery period of heart muscle by depressing energy-yielding reactions of carbohydrate metabolism. 1 There is no doubt that some of the antiarrhythmic drugs, particularly quinidine and quinine, are capable, in the proper concentrations, of inhibiting a number of enzymes involved in the oxidation of glucose. Speck and Evans 2 showed that quinine and quinacrine inhibited some of the enzymes of the glycolytic series of reactions in extracts of rabbit skeletal muscle. Anaerobic glycolysis of rat atria was found to be inhibited by quinidine. 1 Oxygen uptake of rat heart slices was depressed by the addition of quinidine to the incubation medium. 3 Beceived for publication December 10, 1957. been reported to be inhibited by quinidine/ 1 The present study investigated the effect of various antiarrhythmic drugs on carbohydrate metabolism in heart muscle slices and homogenates. We were particularly interested in determining whether the ability to depress carbohydrate metabolism is a common property of antiarrhythmic drugs. Most of the work has been limited to a comparison of the two important antiarrhythmic substances, quinidine and chloroquine.
METHODS

Heart Slice Experiments.
A rat was killed by decapitation, the heart removed and placed in an ice cold medium of the composition described below, but without glucose. Slices of 0.5 nun. thickness were prepared with a Stadie-Riggs microtome and two or three slices weighing about 100 nig. were added to each of four Warburg vessels containing 2.0 ml. medium of the following composition: 0.040 M sodium phosphate, 0.088 M XaCl, 0.005 M KC1, 0.002 M MgCl., 0.1 per cent glucose, pH 7.4. In some experiments the MgCU was omitted. To absorb the carbon dioxide formed during incubation, 0.2 ml. 1 X XaOH was added to the side compartments of the vessels. The gas phase was oxygen. Two vessels served as controls, two others contained the drug at a concentration of 5 X 10" 4 M. The oxygen uptake was determined, and the reaction mixture analyzed for glucose by the method of Miller and van Slyke 4 before and after incubation.
Heart Homogenate Experiments. In this group of experiments the heart was first minced with scissors and then homogenized in a glass homogenizer in 3 ml. of ice cold medium of the following composition: 0.040 M sodium phosphate, 0.095 M XaCl pH 7.2. After homogenization, 5 ml. of additional medium was added and the homogenate filtered through cheese cloth. Aliquots of 0.5 ml.
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Circulation Research. Volume VI, May IS it To absorb carbon dioxide formed during incubation, 0.2 ml. 1 X XaOH was added to the side compartment of the vessel. The gas phase was air. A homogenute system such as the one described rapidly cntnlyzes the oxidation of glucose to carbon dioxide and wnter."'" After about 40 min. at 37 C. controls without substrate ceased to take up oxygen, while activity in the presence of glucose continued for several hours. In a number of experiments substrates other than glucose were used. They were added in the following amounts: 0.1 ml. 0.1 M disodium suceinate, 0.1 ml. 0.075 M sodium citrate and 0.1 ml. 0.1 M sodium pyruvate.
Drugs. The drug preparations used were quinidine snlfate (Merck), quinine sulfate (Merck), chloroquine diphosphate (Winthrop-Stearns), and proeaine amide hydroehloride (Squibb). In the heart slice experiments the drug concentration used was 5 X 10"* M. In the homogenate experiments the drug effects were studied in the concentration range 0.6 X 10" 4 M to 5.5 X 10"* M. 
RESULTS
Heart Slice Experiments. The results of the experiments with heart slices, summarized in table 1, demonstrate that quinine and quinidine at a concentration of 5 X 10~* M strongly depressed both oxygen uptake and glucose utilization by heart slices. The inhibition by quinidine was somewhat greater than that by quinine. The depression of oxygen consumption of heart slices by quinidine confirms the experiments of previous investigators. 1 ' 3 -7 Chloroquine at the same concentration as the two other drugs had no significant effect on either oxygen uptake or glucose utilization.
Heart Homoyenate Experiments. The oxidation of glucose and other carbohydrate intermediates by the heart homogenate system has been studied extensively. In the presence of the cofactors DPX and KC1, heart homogenates oxidize glucose rapidly. 5 The soluble enzymes of the glycolytic reactions and the mitochondrial enzymes of the tricarboxylic acid cycle participate in the oxidation of glucose in this system. Intact cells contribute only to a negligible extent to the metabolism of the homogenates as shown by the observations that removal of cellular debris by centrifugation has little effect on activity and that omission of DPX from the reaction mixture results in complete loss of activity. 0 ' 8 Microscopic examination of the preparation also confirms this view." With such a system one may study the effect of drugs on multienzymes in the absence of the cell membrane.
The effects of quinidine, chloroquine and procaine amide on carbohydrate metabolism of heart homogenate were studied. In figure  1 are plotted the results of experiments in which the oxygen uptakes of heart homogenates with glucose as substrate were determined at various concentrations of these drugs. The values for oxygen uptake observed were corrected for oxygen uptake in the absence of glucose and expressed in per cent of the control without drug. It is seen that procaine amide and chloroquine exert only a slight inhibitor}' effect on the oxygen uptake, while quinidine is a strong inhibitor. Table 2 summarizes the results of a num-ber of experiments in which the action of quinidine, chloroquine and procaine amide was studied at a concentration of 5.5 X 10" 4 M.
In most of the experiments glucose utilization was determined in addition to the oxygen uptake. The strong inhibitory effect of quinidine on both oxygen uptake and glucose utilization is clearly shown. In contrast, chloroquine and procaine amide had minimal effects. The result with quinidine and ehloroquine are similar to the findings obtained with tissue slices. When Kuccinate, citrate or pyruvate was added to the reaction medium, the oxygen consumption of the heart homogenate was increased over that of a control without substrate. Quinidine at a concentration of 5 X 10" 4 M depressed the oxygen uptake in the presence of these substances, while chloroquine at the same concentration had little effect.
DISCUSSION
It is apparent from this study that two antiarrhythmic drugs, quinidine and quinine, are inhibitors of carbohydrate metabolism at low concentrations. Two other equally effective antiarrhythmic agents, chloroquine and procaine amide, in comparable concentrations, do not show this action. This finding does not support the suggestion made by 60me investigators 9 ' 10 that the an ti arrhythmic drugs exert their action by depressing carbohydrate metabolism. The minimal effects of chloroquine and procaine amide on the oxidation of glucose and other carbohydrate intermediates exclude the possibility that these drugs act by such a mechanism.
There is no question that quinidine is an effective inhibitor of myocardial carbohydrate metabolism. This observation confirms the findings of others. 1 ' 3 However, several studies have been reported which indicate that enzyme inhibition plays only a minor role in the pharmacologic actions of quinidine. Lee 7 demonstrated that in isolated cat papillary muscle, quinidine, at a concentration of 1.3 X 10" 4 M, markedly depressed contractility but had only a slight depressant effect on oxygen consumption.
Gardner and Farah 11 showed with isolated rabbit atria that a number of different enzyme inhibitors depressed the mechanical properties of the muscle to a much greater extent than the electric properties. In contrast, quinidine, depressed the electric properties of the muscle before affecting the spontaneous rate or contractility. It seems most likely that the depression of carbohydrate metabolism observed with quinidine is associated with the toxic aetion rather than with the therapeutic effect of the drug.
SUMMARY
The effect of the antiarrhythmic substances quinine, quinidine, chloroquine and procaine amide on carbohydrate metabolism of heart tissue was studied. Quinine and quinidine strongly depressed the oxygen uptake and glucose utilization of rat heart slices and horaogenates. In contrast chloroquine had little effect. Procaine amide had no significant effect on glucose oxidation by heart homogenates. These findings show that depression of carbohydrate metabolism is not essential for the action of antiarrhythmic drugs.
SUMMARFO IN ITERLTNGUA
Le effecto exercite per le substantial antiarrhythmic, quinina, quinidina, chloroquina, e procaino-amida, super le metabolismo del hydratos de carbon in le histos del corde esseva studiate. Quinina e quinidina deprimeva fortemente le acceptation de oxygeno e le utilisation de glucosa in sectiones e homogenatos de cordes de ratto. Del altere latere, chloroquina habeva pauc effecto. Procainoamida habeva nulle effecto significative super le oxydation de glucosa per homogenatos de corde. Iste constatationes monstra que le depression del metabolismo de hydratos de carbon non se essential in le action de drogas antiarrhythmic.
